In this issue of the Journal, Togni et al. (1) report that exercise-induced coronary vasomotion is abnormal in segments proximal and distal to sirolimus-eluting stents (SES) when evaluated six months after deployment. While subjects who had received bare-metal stents demonstrated normal exercise-induced vasodilation, subjects with SES clearly demonstrated paradoxical vasoconstriction in peristent segments, although the vasodilator response to nitroglycerin was maintained.
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The normal response to increased flow in coronary conductance vessels is vasodilation, which is due to stimulation of endothelial nitric oxide (NO) synthesis and release (2,3) in response to shear stress. During exercise, areas of the coronary arteries with damaged endothelium or abnormal endothelial function fail to exert this NO response onto the vascular smooth muscle. Subsequently, normal vasodilation fails to occur and can be replaced by paradoxical vasoconstriction, possibly attributable to the effect of circulating catecholamines (4) .
Abnormal endothelial responses have been demonstrated early after balloon percutaneous transluminal coronary angioplasty but are normalized at follow-up months later (5, 6) . Evaluation of endothelial function within coronary stents has not been possible with current catheterizationbased techniques because they rely on the assessment of vasomotion, which is prevented by the stent apparatus. However, coronary segments on the edges of bare-metal stents have been shown to demonstrate a normal vasodilator response to exercise when evaluated at 4 to 8 months after stent deployment in this current work and at 7 to 13 months after stent deployment in a previous publication by Maier et al. (7) .
The evidence of peri-stent endothelial dysfunction after SES is in sharp contrast to its consistent absence after bare-metal stenting in this study, but the mechanism by which this abnormality is conferred remains unclear. The Cypher stents (Cordis Corp., Miami Lakes, Florida) used here contain a 5-m thick coating of the drug sirolimus mixed with non-erodable polymers, topped with a layer of drug-free polymer to allow the release of approximately 80% of the drug within 30 days after implantation (8) . Sirolimus (rapamycin) is a macrolide antibiotic that binds to its cytosolic receptor, FKBP12, and inhibits down-regulation of the cyclin-dependent kinase inhibitor p27 kip1 , blocking transition from G 1 to S phase in the cell cycle (9) and inhibiting vascular smooth muscle cell proliferation and migration.
Rapamycin has been shown to impair endotheliumdependent relaxation in an in vitro model using porcine epicardial coronary arteries (10), but it has not been established that this is of consequence with clinical use of SES. Because most of the drug sirolimus is eluted from the polymer coating the stent by 28 days (11) and is reportedly fully eluted by 60 days (12) , the abnormal vasomotion observed at six months in the current study should not be the result of a direct effect of sirolimus itself. However, the induction of a persistent abnormality in intact or regenerating endothelium occurring while sirolimus was present cannot be excluded. Alternatively, the polymer from which the drug elutes, which may have contributed to a case of a marked hypersensitivity reaction (12), could be involved in the abnormal vasomotion observed, but this also remains speculative.
As the authors note, the finding of paradoxical constriction could be the result of delayed endothelialization, with inadequate endothelial coverage leading to insufficient NO release to promote normal vasodilation with exercise. Although this could explain the finding of endothelial dysfunction within the stent and at the immediate edges, the angiograms in Figure 1 of the paper (1) show vasoconstriction well beyond the distal margin of the stent. Although the authors did not specify their deployment technique and use of predilation, none of the subjects in the current study had evidence of restenosis, and it seems unlikely that this dysfunctional distal segment (as much as 10 mm distal to the stent) had been subject to balloon dilation and deendothelialization during stent placement. As noted previously, diffusion of sirolimus well beyond the stent margins with induction of a sustained functional impairment of nontraumatized endothelium may play a role in this finding. Togni et al. (13) also have recently reported a similar observation of abnormal peri-stent vasomotor responsiveness in subjects studied 8 to 10 months after brachytherapy for in-stent restenosis. As in the present study, it is not clear that the abnormal segments were de-endothelialized via balloon trauma, but the beta radiation was applied well beyond the stent margins, raising the possibility of a functional incapacitation of intact endothelium.
Concerns that drug-eluting stents (DES) may be associated with increased risk of subacute and later thrombosis have not been substantiated by clinical trial and registry data (14, 15) continued to regard these therapies as safe (16) , but case reports have described DES thrombosis occurring beyond one year after deployment (17) . Although the number of such patients appears to be small based on current data, the ability to identify specific factors placing a patient at greater risk of thrombosis after DES or to identify those patients who may need extended antiplatelet therapy without interruption would be of great value. Whether evidence of persistent peri-SES endothelial dysfunction will be a risk factor for adverse late events, however, will require further study. While the occurrence of late stent thrombosis remains low, the authors have demonstrated that endothelial dysfunction occurs in the majority of patients after SES placement, suggesting it may not be a finding specifically portending adverse outcomes. In fact, the subjects chosen for this current study were included because of an uneventful six-month poststent clinical course and no evidence of restenosis.
The many questions raised by this work underscore the need for additional investigation. Further insight into the mechanism by which paradoxical constriction is associated with SES placement is required, and the duration of this abnormal vasomotor response remains to be defined. Whether endothelial dysfunction in this setting will adversely affect prognosis, as has been shown in other clinical contexts (18) , and the effects of approaches manipulating endothelial response (19) are to be determined. Characterization of coronary vasomotion after the use of paclitaxeleluting stents also is needed. Future studies in this area will help clarify the clinical implications of this stimulating seminal observation of endothelial dysfunction after DES placement.
